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ABSTRACT 

Work performed i n  t h e  second q u a r t e r  of a r e sea rch  and development 

program on an e l e c t r o n  bombardment cesium i o n  rocke t  system i s  r epor t ed .  

A long d u r a t i o n  engine system t e s t  i s  desc r ibed  inc lud ing  ope ra t ing  

parameters during t h e  run and analyses  of components upon t e rmina t ion  

of t h e  t e s t .  A new permanent magnet engine i s  r epor t ed  and t h e  r e s u l t s  

of plasma d i s t r i b u t i o n  s t u d i e s  and autocathode tes t s  a re  d i scussed .  
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SUMMARY 

This q u a r t e r l y  r e p o r t  f o r  t h e  pe r iod  1 June 1964 t o  31 August 1964 

d e s c r i b e s  t h e  work performed under Contract  NAS3-5250. The o b j e c t i v e s  

of t he  program a r e  t o  cont inue t h e  development and t e s t i n g  of t h e  engine 

and feed system developed under Con t rac t  NAS3-2516; t o  i n v e s t i g a t e  t h e  

u s e  of permanent magnets w i th  the  e l e c t r o n  bombardment cesium ion  engine; 

t o  s tudy t h e  plasma d i s t r i b u t i o n  i n  e l e c t r o n  bombardment cesium ion  

sources;  and t o  make improvements i n  the  c e s i a t e d  autocathodes used i n  

the engines.  

During t h e  per iod e l e c t r o d e  d r a i n  c u r r e n t s  due t o  e l e c t r o n  emission 

from a low work func t ion  composite s u r f a c e  (Cs-0-Mo) were encountered 

and i n v e s t i g a t e d .  An engine and zero-g feed system were t e s t e d  f o r  

281 hour s ,  t he  l a s t  201 hours of which were continuous.  A f t e r  t he  t e s t ,  

which was terminated v o l u n t a r i l y ,  engine and feed system components were 

thoroughly analyzed and contaminafion of s u r f a c e s  and component weight 

changes were found t o  be small. The e r o s i o n  of t he  a c c e l e r a t i n g  e l e c t r o d e  

(which was made of copper) i n d i c a t e d  an  e x t r a p o l a t e d  l i f e t i m e  of a few 

thousand hours. 

A permanent magnet engine, i n  which the  s h e l l  i s  t h e  magnet, was 

designed and f a b r i c a t e d .  This engine weighs about  60% as much as t h e  

electromagnet design which underwent t h e  long tes t .  I n i t i a l  tes ts  of 

the permanent magnet engine were performed. 

Ion beam c u r r e n t  d e n s i t y  d i s t r i b u t i o n s  were obtained f o r  a wide 

v a r i e t y  of operat ing parameters. I n  g e n e r a l ,  t h e  d i s t r i b u t i o n  tends t o  

be more uniform f o r  lower magnetic f i e l d  i n t e n s i t i e s  and f o r  h i g h e r  

a c c e l e r a t i n g  p o t e n t i a l s .  Several  autocathode designs w e r e  f a b r i c a t e d  

and t e s t e d  and the  technique of hea t ing  t h e  autocathode ( f o r  engine 

s t a r t - u p )  using t h e  a r c  power supply w a s  i n v e s t i g a t e d  and found t o  

be f e a s i b l e .  
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1. INTRODUCTION 

This i s  the second Quarter ly  Report under Contract  NAS3-5250, 

I O N  ROCKET SYSTEM RESEARCH AND DEVELOPMENT. Throughout t h e  t e x t ,  

r e f e rence  w i l l  be made t o  t h e  f i r s t  Q u a r t e r l y  Report of t h e  program, 

NASA CR-54025 (EOS Report 4920-Q-l), which i s  a v a i l a b l e  through the 

NASA Of f i ce  of S c i e n t i f i c  and Technical Information. 

1.1 Program Object ives  

The p resen t  program provides f o r  t h e  continued development and 

t e s t i n g  of t h e  DE engine and feed system t o  achieve demonstrated long 

l i f e  and r e l i a b i l i t y .  It  includes t h e  e l i m i n a t i o n  of s h o r t  and long 

term f a i l u r e  modes and the eva lua t ion  of l i f e t i m e  l i m i t a t i o n s .  A 

q u a l i t y  assurance and r e l i a b i l i t y  program i s  being followed on t h i s  

task.  

I n  a d d i t i o n  t o  t h e  l o n g - l i f e  engine and feed system program, 

t h r e e  r e sea rch  and development programs a r e  being pursued. They are: 

1. Design, f a b r i c a t i o n ,  and t e s t i n g  of a permanent magnet 

v e r s i o n  of the DE engine.  

2. Plasma d i s t r i b u t i o n  s t u d i e s  t o  i n v e s t i g a t e  b a s i c  means of 

improving engine ope ra t ion  and l i f e t i m e .  

3. Autocathode improvement s t u d i e s  t o  reduce the s t a r t i n g  

power requirements of cesium e l e c t r o n  bombardment ion  

engines.  

1.2 S t a t u s  of Beginning of Quarter 

During the l a s t  q u a r t e r ,  a tes t  f a c i l i t y  f o r  l i f e t i m e  and 

r e l i a b i l i t y  t e s t i n g  of t h e  DE engine and feed system had been prepared 

and i n i t i a l  t e s t i n g  begun. A permanent magnet mod i f i ca t ion  of t h e  DE 

engine was f a b r i c a t e d  and operated and i t s  performance w a s  comparable 

t o  t h a t  of t h e  electromagnet engine. 

4920 -Q- 2 1 



Plasma d i s t r i b u t i o n  s t u d i e s  were u de r t ake  nd i and 

n e u t r a l  e f f l u x  d i s t r i b u t i o n s  from a bombardment engine were determined. 

The e f f e c t s  of t h e  magnetic f i e l d  i n t e n s i t y  and cathode o r i f i c e  

conf igu ra t ion  on the  ion  and n e u t r a l  e f f l u x  d i s t r i b u t i o n s  were i n v e s t i -  

gated.  The performance of t h e  DE engine using d i f f e r e n t  cathode 

o r i f i c e  s i z e s  had been i n v e s t i g a t e d  and minimum autocathode s t a r t i n g  

temperatures were determined. S t a r t -ups  had been made without  using 

the  i n t e r n a l  cathode h e a t e r  and an  autocathode c o n f i g u r a t i o n  wi th  no 

i n t e r n a l  hea t e r  had been designed, f a b r i c a t e d ,  and t e s t e d .  

1.3 General S t a t u s  

During t h e  second q u a r t e r ,  a h igh  e l e c t r o d e  d r a i n  c u r r e n t  

c o n d i t i o n  was encountered and i n v e s t i g a t e d .  A DE engine system wi th  

a copper a c c e l e r a t i n g  e l e c t r o d e  was operated f o r  281 hour s ,  t h e  l a s t  

201 hours of which were continuous.  The engine and zero-g feed system 

were thoroughly analyzed a f t e r  t h e  t e s t .  

A new permanent magnet engine,  i n  which t h e  engine s h e l l  i s  

the  magnet, was designed and f a b r i c a t e d  and t e s t i n g  of t h e  engine was 

begun. Ion e f f l u x  d i s t r i b u t i o n s  f o r  a wide v a r i e t y  of parameters 

were obtained wi th  t h e  scanning Faraday probe. A l i q u i d  n i t r o g e n  

cooled n e u t r a l  cesium d e t e c t o r  f o r  scanning the  n e u t r a l  e f f l u x  w i t h i n  

the  i o n  beam was designed and f a b r i c a t e d .  

Seve ra l  e x t e r n a l l y  heated autocathode designs were f a b r i c a t e d  

and t e s t e d  and t h e  f e a s i b i l i t y  of h e a t i n g  t h e  autocathode ( f o r  s t a r t - u p )  

using t h e  arc power supply was i n v e s t i g a t e d .  

1.4 Key Personnel 

The key personnel on t h e  program, and t h e i r  a r e a s  of e f f o r t  are: 

R. C. Spe i se r  Program Supervisor  

G. C. Reid Long L i f e  Engine 

F. A. Barcatta Long L i f e  Feed System 

G. Soh1 Applied Research 

S. Zafran Qua l i ty  Assurance 

These personnel supe rv i se  t h e i r  r e s p e c t i v e  t a s k s  and a r e  t h e  major 

c o n t r i b u t o r s  t o  the  program and t o  a l l  r e p o r t s  generated under t h e  program, 
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2.  ELECTRODE TESTS 

A t  t h e  end of t h e  f i r s t  q u a r t e r  (EOS Report 4920-4-1; NASA CR-54025), 

a run  w a s  terminated a f t e r  23 hours ope ra t ion  due t o  high d r a i n  c u r r e n t s  

(>25 ma) .  These high d r a i n  cond i t ions ,  encountered wi th  a molybdenum 

a c c e l e r a t i n g  e l e c t r o d e ,  were f u r t h e r  i n v e s t i g a t e d .  

2.1 High Drain Current Condition 

A f t e r  t h e  23 hour t e s t  w a s  terminated,  high v o l t a g e  w a s  turned 

back on and t h e  d r a i n s  were measured as a f u n c t i o n  of a c c e l e r a t o r  gap 

v o l t a g e  as t h e  engine cooled. The r e s u l t s  a r e  shown i n  F igu re  1. The 

temperatures were measured a t  t h e  engine s h e l l  and a r e  only roughly 

i n d i c a t i v e  of t h e  sc reen  e l e c t r o d e  o r  a c c e l e r a t o r  e l e c t r o d e  temperatures .  

The d r a i n  c u r r e n t  - gap vo l t age  r e l a t i o n s h i p  i s  h igh ly  non- l inea r  and 

suggests  a f i e l d  enhanced emission e f f e c t  a l though t h e  temperatures  and 

t h e  magnitude of t h e  f i e l d  i n  the  gap are much too  low t o  g i v e  these  

phenomena f o r  c e s i a t e d  molybdenum. 

Af t e r  a long cool ing pe r iod ,  t h e  engine w a s  r e s t a r t e d  and 

a f t e r  s e v e r a l  hours high drains  were a g a i n  encountered. The f eed  system 

and a r c  power were removed and the d a t a  of Figure 2 were taken. For t h e  

two sets of d a t a  taken f o r  normal p o l a r i t y ,  t h e  d i f f e r e n c e s  i n  the  d a t a  

are p a r t l y  due t o  coo l ing  of the system but t h e r e  does appear t o  be a 

s i g n i f i c a n t  h y s t e r e s i s  e f f e c t .  The vo l t ages  a p p l i e d  t o  t h e  e l e c t r o d e s  

were then  reversed and t h e  t h i r d  s e t  of d a t a  w a s  taken. The h i g h e r  

c u r r e n t  f o r  t h i s  ca se  i s  s i g n i f i c a n t  as i t  i n d i c a t e s  t h a t  t h e  e l e c t r o d e  

s u r f a c e  e f f e c t  g iv ing  r i s e  t o  the  d r a i n  c u r r e n t  i s  more pronounced on 

t h e  sc reen  e l e c t r o d e  than on the a c c e l e r a t i n g  e l e c t r o d e .  Since t h e  

s c r e e n  e l e c t r o d e  runs h o t t e r  and presumably s t a y s  h o t t e r  t hen  t h e  

a c c e l e r a t i n g  e l e c t r o d e  during the t i m e  both are coo l ing ,  t h e  h i g h e r  

c u r r e n t  with r eve r sed  p o l a r i t y  i s  c o n s i s t e n t  w i th  an  e l e c t r o n  emission 

hypothesis .  
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Although not conclusive,  t he  da t a  and o t h e r  information,  t o  be 

d i scussed ,  l ed  t o  the  following hypothesis :  With t i m e ,  a composite 

Cs-O-Mo s u r f a c e  forms on t h e  molybdenum a c c e l e r a t i n g  e l e c t r o d e .  The 

e l e c t r o d e  temperature,  s u r f a c e  c o n d i t i o n s ,  and e l e c t r i c  f i e l d  a re  such 

t h a t  e l e c t r o n  emission occurs.  The e l e c t r o n  c u r r e n t ,  a c c e l e r a t e d  a c r o s s  

t h e  gap, h e a t s  t h e  sc reen  e l ec t rode  and engine and subsequent ly ,  by 

conduction and r a d i a t i o n ,  t h e  a c c e l e r a t i n g  e l e c t r o d e  is  heated which 

inc reases  the  e l e c t r o n  emission. The d r a i n s  then cont inue t o  i n c r e a s e  

t o  a high va lue  by t h i s  mechanism. 

Although t h e  Malter e f f e c t  may p lay  a r o l e ,  t h e  main mechanism 

i s  probably f i e l d  enhanced thermionic emission o r  t h e  Schottky e f f e c t .  

Anomalities introduced by "patch e f f e c t s "  l ead  t o  the  anomalous Schottky 

e f f e c t  i n  which t h e  cu r ren t -vo l t age  r e l a t i o n s h i p  may be such as t h a t  

observed i n  Figures  1 and 2. 

Accelerat ing e l ec t rode  temperatures were measured f o r  ope ra t ing  

engines.  For t y p i c a l  operat ing c o n d i t i o n s ,  it w a s  determined t h a t  t h e  

e l e c t r o d e  temperature w a s  about 3OO0C i n  the  c e n t e r  and about  27OoC 

a t  the  periphery.  A t  t h e s e  temperatures,  Schottky enhanced thermionic 

emission from a Cs-Mo s u r f a c e  would be much too  s m a l l  t o  e x p l a i n  t h e  

observed d r a i n  c u r r e n t s  but  emission from a Cs-O-Mo s u r f a c e  would be 

about  1000 t i m e s  h igher  and i n  t h e  r i g h t  range. Experiments i n v e s t i -  

g a t i n g  t h e  d r a i n  c u r r e n t s  i n  contact  cesium i o n  engines  a r e  r epor t ed  

i n  EOS Report 3830 F i n a l ,  "Applied Research on Contact I o n i z a t i o n  

Thrustor",  (APL TDR 64-52), pages 329-367. I n  these  experiments i t  was 

found t h a t  under cond i t ions  i n  which the  a c c e l e r a t i n g  e l e c t r o d e  temper- 

a ture  was a t  about 3OO0C, t h e  admission of oxygen i n t o  t h e  vacuum system 

increased t h e  d r a i n  c u r r e n t  by a f a c t o r  of 5. This test w a s  made 

wi th  a copper e l e c t r o d e  bu t  the d r a i n  mechanism i s  probably t h e  same. 

The Cs-0-Mo s u r f a c e  e x h i b i t s  high emission i n  a n  in t e rmed ia t e  

temperature range (perhaps 300-700OC). A t  lower temperatures t h e  

composite s u r f a c e  e x i s t s  but  the s u r f a c e  i s  too  cool  t o  g i v e  h igh  

emission. A t  h igher  temperatures,  t h e  composite s u r f a c e  i s  decomposed 

and t h e  work func t ion  i s  too  high t o  g i v e  high emission. 
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Other evidence e x i s t s  t h a t  t h e  d r a i n s  a re  due t o  e l e c t r o n  

emission from the a c c e l e r a t i n g  e l e c t r o d e .  As t h e  d r a i n s  i n c r e a s e ,  t h e  

temperature of t he  cathode mounting p l a t e  a t  t he  r e a r  of t h e  engine i s  

observed t o  i nc rease .  This i s  considered t o  be due t o  bombardment of 

t he  p l a t e  by some of t he  e l e c t r o n s  a c c e l e r a t e d  a c r o s s  t h e  a c c e l e r a t o r  

gap. 
a small  f r a c t i o n  of t h e  e l e c t r o n s  need pass  through t h e  s c r e e n  e l e c t r o d e  

a p e r t u r e s  t o  provide the observed cathode p l a t e  hea t ing .  

The high energy of t hese  e l e c t r o n s  ( 4 - 5  kev) i s  such t h a t  only 

2.2 Heated Molybdenum Electrode T e s t  

A series of measurements of t h e  a c c e l e r a t o r  d r a i n  c u r r e n t  as 

a func t ion  of a c c e l e r a t o r  temperature were made t o  determine t h e  e f f e c t  

of temperature and oxygen on the  d r a i n  c u r r e n t .  

For  these tes t s  a h e a t e r  was brazed around t h e  pe r iphe ry  of 

t h e  h o l e  p a t t e r n  of a molybdenum a c c e l e r a t o r  e l e c t r o d e  and a thermocouple 

w a s  a t t ached  t o  the  support  p o i n t  of t h e  a c c e l e r a t o r .  A bleed va lve  

was connected t o  t h e  vacuum system f o r  admission of a i r  o r  oxygen. 

The engine was operated a t  approximately 8 mil l ipounds t h r u s t  

with a screen t o  a c c e l e r a t o r  p o t e n t i a l  d i f f e r e n c e  of 5000 v o l t s .  The 

reduced t h r u s t  l e v e l  w a s  used t o  allow the  a c c e l e r a t o r  t o  o p e r a t e  

below i t s  normal ope ra t ing  temperature. The n e u t r a l  e f f l u x  was a d j u s t e d  

t o  be equivalent  t o  40-50 ma corresponding t o  the  n e u t r a l  e f f l u x  under 

f u l l  t h r u s t  cond i t ions .  With s t eady  s ta te  o p e r a t i o n  e s t a b l i s h e d  t h e  

a c c e l e r a t o r  h e a t e r  was turned on. Drain c u r r e n t  was recorded as a 

func t ion  of temperature u n t i l  t h e  a c c e l e r a t o r  temperature reached 

30OoC. 

8 s  a ftinction of temperature u n t i l  t h e  i n i t i a l  ope ra t ing  cond i t ions  

were regained. 

The h e a t e r  was then turned o f f  and d r a i n  c u r r e n t  was recorded 

The d a t a  obtained a r e  shown by t h e  c i r c l e d  d a t a  p o i n t s  i n  

Fig. 3 .  The apparent  h y s t e r e s e s  i n  t h e  d a t a  a r e  probably due t o  slow 

changes i n  the equi l ibr ium s u r f a c e  cond i t ions  on t h e  a c c e l e r a t o r  and t o  

a temperature d i f f e r e n c e  between t h e  emissive s u r f a c e  and t h e  p o i n t  a t  

which the  thermocouple was a t t ached .  The l eng th  of t h e  support  arm 
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coupled w i t h  t he  h e a t  c a p a c i t y  of t h e  support  i n s u l a t o r  and s h i e l d  

should cause the  measured temperature t o  l ag  t h e  temperature of the 

e l e c t r o d e  proper. A ve ry  s t rong  temperature dependence i s  shown by 

the  da t a  of Fig. 3. 

After  r e t u r n i n g  t o  the  o r i g i n a l  ope ra t ing  l e v e l ,  oxygen was 

admitted t o  the  vacuum system u n t i l  t he  p r e s s u r e  had r i s e n  from about 

t o r r  t o  t o r r .  A s l i g h t  i n c r e a s e  i n  d r a i n  c u r r e n t  was noted 

as the  pressure increased.  When the  p re s su re  reached t o r r ,  t h e  

bleed va lve  was c losed  and a sharp r ise  i n  d r a i n  c u r r e n t  was observed. 

The system was allowed t o  r e g a i n  the  i n i t i a l  cond i t ions  and t h e  h e a t i n g  

and cool ing test  w a s  repeated.  The da ta  obtained a r e  shown by t h e  

crossed data p o i n t s  i n  Fig.  3.  This d a t a  shows a s i g n i f i c a n t  i n c r e a s e  

i n  the d r a i n  c u r r e n t  during the e a r l y  p o r t i o n  of t h e  h e a t i n g  c y c l e  

with no h y s t e r e s i s  apparent  i n  t h e  higher  temperature data .  The oxygen 

admission had appa ren t ly  increased the  e l e c t r o n  emission a t  t he  lower 

temperatures. The hea t ing  above about 270 C ,  however, seems t o  have 

r e tu rned  the e l e c t r o d e  t o  i t s  o r i g i n a l  s u r f a c e  cond i t ion .  

0 

A t h i r d  s e t  of d a t a  was taken a f t e r  a i r  was admit ted t o  t h e  

vacuum system i n  a manner s i m i l a r  t o  t h e  previous admission of oxygen. 

These d a t a  a r e  shown by t h e  X's i n  Fig.  3. This curve i s  q u i t e  s imilar  

t o  t h e  curve obtained during the  f i r s t  run and i n d i c a t e s  t h a t  t h e  

e l e c t r o d e  surface had indeed been r e tu rned  t o  i t s  i n i t i a l  c o n d i t i o n .  

During a l l  t h r e e  t e s t s ,  s i g n i f i c a n t  i n c r e a s e s  i n  cathode 

temperatures were measured when t h e  d r a i n  c u r r e n t  was high.  

d r a i n  cu r ren t s  higher  than 50 m a  were observed. Upon disassembly of 

t he  engine,  a p a t t e r n  of "clean" s p o t s  was observable  on the  cathode 

p l a t e  which c l o s e l y  matched t h e  e l e c t r o d e  p a t t e r n .  

cathode p l a t e  i s  shown i n  Fig.  4 .  These s p o t s  a r e  considered t o  be 

due t o  e l ec t rons  a c c e l e r a t e d  through t h e  s c r e e n  a p e r t u r e s .  

A t  times, 

A photograph of t h i s  

Some sources of e r r o r  i n  t h i s  experiment m u s t  be considered.  

A s  noted above, of cour se ,  the measured t e m p e r a t u r e  i s  i n  e r r o r  t o  some 

degree.  Secondly, the f a c t  t h a t  t h e s e  t e s t s  were performed s e q u e n t i a l l y  
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may have had some e f f e c t  not discussed above. F i n a l l y ,  v a r i a t i o n s  i n  

the  hea t ing  rates used could conceivably cause t h e  r e s u l t s  observed. 

T h i s  would not be a v a r i a b l e  during the  cool ing p o r t i o n  of t h e  tests. 

It m u s t  be concluded, s i n c e  the cool ing curves were i d e n t i c a l ,  t h a t  

e i t h e r  t he  o r i g i n a l  s u r f a c e  condi t ion was regained a f t e r  hea t ing  o r  t h e  

s u r f a c e  c o n d i t i o n  w a s  n o t  a l t e r e d  by the  admission of pure oxygen. 

F i n a l l y ,  t h e  cond i t ions  required t o  s u s t a i n  t h e  high d r a i n  c u r r e n t s  

a t  lower temperatures a r e  e l u s i v e  and even t r a n s i e n t  (high d r a i n  w a s  

encountered immediately a f t e r  c los ing  the oxygen v a l v e )  during s h o r t  

term t e s t i n g  . 
The d a t a  do imply, however, t h a t  a molybdenum e l e c t r o d e  

designed t o  run a t  23OoC o r  l e s s  might not encounter t h e  high d r a i n  

cond i t ions .  

2.3 Cooled Copper Electrode Tests 

Since the d r a i n  cu r ren t  s i t u a t i o n  appears t o  be p a r t i c u l a r l y  

unfavorable f o r  a molybdenum e lec t rode ,  i t  w a s  decided t o  t es t  t h e  

engine wi th  a copper e l e c t r o d e  and t o  run i t  c o o l e r  by providing a 

l a r g e  r a d i a t i n g  a r e a ,  

The cooled copper e l ec t rode  i s  shown i n  Fig. 5. It w a s  

f a b r i c a t e d  by brazing a DE design copper a c c e l e r a t i n g  e l e c t r o d e  t o  a 

13 inch o u t e r  diameter heavy copper f i n .  The l a r g e  copper r i n g  was 

grooved t o  enhance i t s  emissivi ty .  When operated with an  engine,  

t h i s  e l e c t r o d e  had a temperature of 190°C a t  t h e  per iphery of t h e  

a p e r t u r e  p a t t e r n  and an estimated 200 C a t  t h e  c e n t e r  of t he  e l ec t rode .  

Due t o  d i s t o r t i o n  of t he  copper and c l o s e  spacings o u t s i d e  the  a p e r t u r e  

area,  engine ope ra t ion  w a s  very noisy with much a rc ing .  During 16 

hours of ope ra t ion ,  however, the d r a i n  c u r r e n t  showed no inc rease .  

0 

The engine w a s  reassembled with a 0.093 inch  a c c e l e r a t i n g  

gap (measured a t  t h e  c e n t e r )  i n s t ead  of  t he  normal 0.077 inch  gap. 

Socket head cap screws i n  t h e  sc reen  e l e c t r o d e  support  s t r u c t u r e  were 

replaced wi th  but ton head screws t o  f u r t h e r  diminish t h e  a r c i n g  problem 

of t he  previous run. 

9 
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FIG. 5 COOLED COPPER ACCELERATOR ELECTRODE 
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With t h i s  e l e c t r o d e ,  and the  l a r g e r  spac ings ,  a n  extremely 

s t a b l e  beam wi th  l i t t l e  o r  no a rc ing  was acheived. 

l a s t e d  63.9 hours bu t  was in t e r rup ted  s e v e r a l  t imes by vacuum system 

and negat ive high vo l t age  supply malfunctions.  

opera t ing  time w a s  56.9 hours.  

The t o t a l  run 

The t o t a l  accumulated 

The engine was operated a t  a ne t  a c c e l e r a t i n g  p o t e n t i a l  of 

4 kv and a beam c u r r e n t  of 405 m a .  During t h e  run ,  t he  d r a i n  c u r r e n t  

s tayed  between 8.5 and 9.5 ma and showed no tendency t o  inc rease  wi th  

time. The e l ec t rode  temperature f o r  previous tes ts  wi th  molybdenum 

e lec t rodes  w a s  about 270 C measured a t  t h e  s a m e  po in t .  0 

The run was terminated by a n  inc rease  i n  p re s su re  i n  t h e  

vacuum system r e s u l t i n g  from the decomposition of a n  i n s e r t  i n  t h e  

Deutsch mul t i -p in  power plug used wi th  these  engines.  This decomposition 

occurred due t o  t h e  excess ive  hea t  generated by t h e  a r c  c u r r e n t  pass ing  

through te rmina ls  i n  t h e  plug. For subsequent tests, both anode and 

cathode ( l a r g e  c u r r e n t )  power leads were re - routed  d i r e c t l y  t o  t h e  

engine so  t h a t  they by-pass t h i s  plug. 

Due t o  i t s  massiveness no r e l i a b l e  weight could be obtained 

f o r  t he  l a r g e  copper e lec t rode .  Af t e r  removal from t h e  engine a v i s u a l  

i n spec t ion  showed very  l i t t l e  eros ion  due t o  s p u t t e r i n g  of t h e  e l ec t rode .  

P i t s  were not iced  on t h e  down stream s i d e  s imi l a r  t o  damage no t i ced  

on o the r  runs but  t he  depth of t hese  d id  not  exceed a few m i l s .  

3.  LONG DURATION TEST 

Af te r  t h e  promising run  with t h e  cooled copper e l e c t r o d e  t h e  

d e c i s i o n  w a s  made t o  perform a long du ra t ion  engine t es t  wi th  a copper 

e l e c t r o d e  of t he  normal DE design. 

(0.083 inch  versus  0.077 inch)  was used t o  a l low f o r  thermal d i s t o r t i o n .  

Consequently the  perveance of the a c c e l e r a t o r  system was reduced. 

During t h e  297 hour t es t  the  engine was operated a t o t a l  of 281 hours .  

A s l i g h t l y  l a r g e r  than  normal gap 

3.1 Operating Condit ions and Time His tory  

The vapor izer  power h i s t o r y  of t h e  test  i s  presented  i n  Fig.  6 .  

During t h e  f i r s t  86 hours the re  were f i v e  i n t e r r u p t i o n s  due t o  h igh  

49 20-4-2 11 



40 

30 
m 
c c 

g 

3 2 0  x 
g 

s 10 

.. 
a 
W 

5 

a. 
K 
0 

r 
2.3h1 B h n  

11.3 
hrl 
I 

kn 

1 
1 1 1 1  1 1 1 1  I I I I  1 1 1 1  

50 100 Is0 200 250 

TIME, hours 

, I  
8 
1 

F I G .  6 VAPORIZER POWER HISTORY FOR 281 HR T E S T  

0 Kx) 150 

RUN TIME , hours 

F I G .  7 DRAIN CURRENT VS TIME FOR 201 HR T E S T  

49 20-4 -2  12 

1l 
I ,  
I 
1 
1 
1 
1 
I 
I 
I 
D 



v o l t a g e  overload c i r c u i t  and cycling c i r c u i t  malfunctions.  

t h e  i n t e r r u p t i o n s  r e s u l t e d  from a high v o l t a g e  cyc l ing  r e l a y  s t i c k i n g  

i n  a mode t h a t  kept  high vol tage turned o f f  and provided a f u l l  beam 

demand s i g n a l  t o  t h e  feed c o n t r o l  systen.  Consequently, during these  

o f f - p e r i o d s ,  the vapor i ze r  power w a s  on f u l l .  Two of t h e  i n t e r r u p t i o n s  

were d e l i b e r a t e  i n  o rde r  t o  attempt t o  f i x  t h e  c i r c u i t  components. 

During t h i s  phase the  longest  un in t e r rup ted  pe r iod  of ope ra t ion  w a s  

42.1 hours and t h e  t o t a l  accumulated ope ra t ing  time w a s  about 80 hours. 

The t e s t  t hen  proceeded wi th  a 201 hour un in t e r rup ted  run. The t o t a l  

accumulated ope ra t ing  t i m e  w a s  about 281 hours.  The test w a s  terminated 

on 7 August, 1964 wi th  t h e  engine operat ing normally. The d r a i n  

c u r r e n t  f l u c t u a t e d  about 2.5 ma but  t h e r e  w a s  no s i g n i f i c a n t  i n c r e a s e  

o t h e r  t han  i n  t h e  r e s i d u a l  i n s u l a t o r  leakage c u r r e n t .  

Three of 

The engine operat ing parameters during the  201 hour continuous 

segment of t h e  tes t  a r e  presented i n  Table I. Three p o i n t s  are  shown 

i n d i c a t i n g  t h e  t r end  wi th  time. Small changes w e r e  made i n  t h e  high 

v o l t a g e  and a r c  power s e t t i n g s  t o  minimize d r a i n  during t h e  cour se  of 

t h e  run. The d r a i n  c u r r e n t  increased from 9 t o  11.5 ma during t h e  201 

hour per iod wh i l e  a c c e l e r a t o r  e l e c t r o d e  and cathode t e m p e r a t u r e  were 

on a downward t rend.  Since a r c  power w a s  a d j u s t e d  down from t i m e  t o  time 

t h i s  would exp la in  t h e  decrease i n  the  above temperatures.  Figure 7 

shows t h e  gradual  d r a i n  inc rease  wi th  t i m e ;  i t  a l s o  shows t h e  r e s i d u a l  

d r a i n s  taken immediately preceding and a f t e r  t h e  continuous run. 

With t h e  a r c  ext inguished and the e l e c t r o d e s  c o o l ,  t he  r e s i d u a l  d r a i n  

a t  t h e  s t a r t  w a s  approximately 2.5 m a  below the d r a i n  a t  t h e  f i n i s h  

(1.0 ma ve r sus  3.5 m a ) .  This i n d i c a t e s  t h a t  t h e  i n c r e a s e  w a s  due t o  

i n s u l a t o r  leakage and not  e l e c t r o n  emission. 

It was assummed t h a t  t h e  high ope ra t ing  l e v e l  of t h e  d r a i n  

c u r r e n t  (over 2 percent  of beam) w a s  due t o  misalignment of t h e  

a c c e l e r a t o r  e l e c t r o d e  as a j i g  w a s  not  used i n  assembly of t h e  e l e c t r o d e  

s t r u c t u r e .  In spec t ion  a f t e r  the tes t  revealed a non-concentric e r r o s i o n  

p a t t e r n  on t h e  ou te r  holes  of t h e  a c c e l e r a t o r  e l e c t r o d e  i n  s u b s t a n t i a t i o n  

of t h e  misalignment assumption. 
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Run T i m e  (hours) 

P o s i t i v e  High Voltage,  V+ (kv) 

Negative High Voltage,  V- (kv) 

Negative Hv Current ,  I- (amp) 

Beam Current ,  IB (amp 

Arc Voltage,  VA (vo l t )  

Arc Current,  IA (amp) 

Beam Power, PB (kw) 

Drain Power, PD (kw) 

Magnet Power, PM (kw) 

Arc Power, PA (kw) 

T o t a l  Power, PT (kw) 

Thrus t ,  T (mlb) 

Power-to-Thrust, P/T (kw/lb) 

Power Eff ic iency  , 
Mass Eff ic iency ,  

Overa l l  Engine Ef f i c i ency ,  

S p e c i f i c  Impulse I (sec) 

rlP 

'M e 

'E 

SP 
V I B  
PA/ IB (kev/ ion)  

P res su re  (m Hg) 

Operat ing Temperatures ( C)  

Acce lera t ing  Elec t rode  

Engine S h e l l  

Cathode Hous ing  

Vaporizer 

0 

3 4  

4.2 

.75 

.009 

.405 

7.7 

41.0 

1.701 

.045 

.008 

.3 16 

2.070 

9.89 

2 09 

82.2% 

9 0"L 

74 .m  
7 160 

2.2% 

.780 

2.2 

3 06 

3 06 

440 

25 1 

TABLE I 

Engine Operatinp. Parameters  

DurinP 201 Hour Continuous Tes t  

4920-4-2 14 

100 

4.2 
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9 0"L 

74.2% 

7 160 

2.5% 

.766 

2.4 

3 05 

3 01 
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175 

4.2 

.55 

.0115 

,402 

7.5 

40.5 

1.688 

.055 

.008 

.304 
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9.81 
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Vaporizer power r a n  a t  12.1 w a t t s  throughout t h e  run  wi th  
0 vapor i ze r  temperature  a t  250 C ;  v a r i a t i o n s  i n  t h e s e  va lues  were less 

than  3 percent .  It should be noted i n  Table I t h a t  t h e  copper e l e c t r o d e  

runs  h o t t e r  than  does a molybdenum e l e c t r o d e .  This  i s  due t o  t h e  lower 

e m i s s i v i t y  of  copper s i n c e  much of t h e  e l e c t r o d e  hea t ing  appears  t o  be 

by conduct ion ac ross  t h e  e l e c t r o d e  suppor t  i n s u l a t o r s .  A low thermal 

conduc t iv i ty  pa th  i n  e i t h e r  the engine s h e l l  s i d e  of t h e  i n s u l a t o r  

o r  t h e  a c c e l e r a t o r  e l e c t r o d e  s i d e  of t h e  i n s u l a t o r  would al low o p e r a t i o n  

a t  s i g n i f i c a n t l y  lower e l e c t r o d e  temperature.  This idea  w i l l  be incorp-  

o r a t e d  i n t o  f u t u r e  engine designs,  

The t e s t  can be summarized a s  one wi th  l i t t l e  o r  no unexpla inable  

d r i f t  i n  any of t h e  measured parameters and wi th  ve ry  s t a b l e  opera t ion .  

A l i q u i d  n i t rogen  cooled n e u t r a l  d e t e c t o r ,  used a t  t h e  s t a r t  

of t h e  run,  gave a mass u t i l i z a t i o n  e f f i c i e n c y  of 90 percent .  A t  t h e  

end of t h e  run  a mass u t i l i z a t i o n  e f f i c i e n c y  of  90.6 pe rcen t  was obta ined ,  

During t h e  f u l l  297.5 hours of t h e  t e s t ,  776.2 gms of cesium were 

expel led.  I n  t h e  4.3 hours  of t i m e  during which h igh  v o l t a g e  was o f f  

and vapor i ze r  power w a s  on f u l l ,  i t  was es t imated  t h a t  t h e  f lowra te  

w a s  equ iva len t  t o  6 t o  9 amperes of cesium ions .  This w a s  based on 

f lowra te  versus  vapor izer  power tes t s  conducted under previous programs. 

It i s  t h e r e f o r e  es t imated  t h a t  over  150 gms cesium were l o s t  t o  t h e  

system dur ing  t h e s e  per iods  and t h a t  about 620 gms were consumed dur ing  

engine opera t ing  per iods.  This i s  i n  agreement wi th  t h e  mass u t i l i z a t i o n  

measurements which i n d i c a t e  a t o t a l  of 624 gms cesium were expe l l ed  

excluding s t a r t - u p  per iods  and h igh  vapor i ze r  power per iods.  
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3.2 Residual Drains 

A t  t he  t e rmina t ion  of t he  281 hour t e s t ,  t h e  a c c e l e r a t i n g  

e l e c t r o d e  temperature and t h e  d r a i n  c u r r e n t  were monitored. F igu re  

8 presen t s  these  parameters as a f u n c t i o n  of t i m e  a f t e r  t e rmina t ion  of 

the  run. The high v o l t a g e s  were maintained du r ing  the  procedure.  As 

can be seen ,  a f t e r  t h e  e l e c t r o d e  was q u i t e  c o o l  (185 C), a r e s i d u a l  

d r a i n  of 3.5 m a  remained. This i s  considered t o  be a n  i n s u l a t o r  d r a i n  

0 

c u r r e n t .  

The r e s i d u a l  d r a i n  c u r r e n t  w a s  t hen  measured as a f u n c t i o n  

of v o l t a g e  ac ross  t h e  a c c e l e r a t i n g  gap. The temperature of t h e  e l e c t r o d e  

was about  185OC a t  t h i s  t i m e .  

t ime t h e  o r i g i n a l  vo l t ages  were a p p l i e d  ( a s  i n d i c a t e d  by t h e  squares)  

t h e  d r a i n  returned t o  3.5 m a .  

The d a t a  are  p resen ted  i n  F ig .  9 .  Each 

The vo l t ages  a p p l i e d  t o  t h e  a r c  chamber and t h e  a c c e l e r a t i n g  

e l e c t r o d e  were then reversed and reversed p o l a r i t y  d a t a  w a s  taken. The 

d a t a  a re  presented i n  F ig .  10. The test  i n d i c a t e s  t h e  e x i s t e n c e  of 

e l e c t r o n  emission from t h e  molybdenum s c r e e n  e l e c t r o d e  which was a t  

about 2OO0C when t h e  d a t a  w a s  taken. 

t h e  gap vo l t age  dec reas ing ,  was p l o t t e d  a s  a Schot tky p l o t  shown i n  

F ig .  11. As can be seen  i n  t h e  f i g u r e ,  a q u i t e  l i n e a r  r e l a t i o n  ex is t s  

between the  logarithm of t h e  c u r r e n t  and t h e  squa re  r o o t  of t h e  v o l t a g e  

( o r  f i e l d  i n t e n s i t y ) .  

The d a t a  i n d i c a t e d  by X's, f o r  

Extrapolat ion of t h e  Schottky p l o t  i n d i c a t e s  a thermionic 

c u r r e n t  r equ i r ing  a work func t ion  of less than  1.2 ev. The Cs-O-Mo 
composite su r face  appears  t o  ex i s t  on the molybdenum s c r e e n  e l e c t r o d e .  

The f i e l d  between f l a t  p a r t s  of t h e  s c r e e n  and a c c e l e r a t i n g  

e l e c t r o d e s  i s  on t h e  o r d e r  of 10,000 vol ts /cm a t  2.2 kv a c r o s s  t h e  gap. 

The s lope  of the Schottky p l o t  r e q u i r e s  a f i e l d  over 100 t i m e s  more 

in t ense .  Perhaps the  f i e l d  a t  t h e  sha rp  edges of t h e  a p e r t u r e s  i n  t h e  

sc reen  e l e c t r o d e  a r e  l a r g e  enough t o  account f o r  t he  l a r g e  Schot tky 

enhanced emission. The downstream s i d e s  of  t h e  a p e r t u r e s  were not 

radiused.  
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3.3 Condition of Engine Af te r  Test  

A p i c t o r i a l  record of t h e  system and components immediately 

a f t e r  the r u n  can be seen i n  F i g s .  12 t h r u  19. The engine system, 

shown i n  Fig.  12 ,  was extremely clean.  Only copper (on a r e a s  f ac ing  

the c o l l e c t o r )  w a s  v i s i b l e  upon inspect ion.  Figure 13 i s  a view of t h e  

i n s i d e  of the cathode and o r i f i c e  p l a t e .  They both appeared i n  e x c e l l e n t  

cond i t ion .  A l i g h t  d e p o s i t  was found on the  f i r s t  two c o i l s  next t o  

t h e  b a f f l e  (see photo) which appeared t o  be e i t h e r  r e s i d u e  from 

i m p u r i t i e s  i n  the p rope l l an t  o r  from the braze compound. Unfortunately,  

not  enough of t h i s  substance could be obtained t o  be analyzed. 

There was a non-uniform hea t ing  p a t t e r n  on the  o r i f i c e  p l a t e .  

A s i m i l a r  o f f - c e n t e r ,  l i g h t  area was found on t h e  up-stream s i d e  of 

t he  a c c e l e r a t o r  e l e c t r o d e .  This cond i t ion  has been noted before .  

The c l e a n  a rea  a t  t he  cathode is  due t o  e l e c t r o n  hea t ing .  Since t h e  

c l e a n  a r e a s  on both p a r t s  a r e  i n  l i n e  with each o the r  i t  would appear 

t h a t  t h e  einission w a s  occurring from the  c l e a n  spo t  on t h e  e l ec t rode .  

Figure 14 shows t h e  i n s i d e  of t h e  a r c  chamber, The chamber 

and cathode p l a t e s  were copper coated t o  thicknesses  up t o  .001 inches.  

Note the  d i s t o r t e d  e l e c t r o d e  hole p a t t e r n  on t h e  f r o n t  p o r t i o n  

of t h e  anode. This i s  due to copper s p u t t e r e d  back from the  l i n e r  and 

c o l l e c t o r  passing through the  e l e c t r o d e  system. 

The most severe damage t o  the  engine occurred on t h e  o u t e r  

s h e l l  (magnet cover) where e l e c t r o n  bombardment had worn through the  

.003 inch t h i c k  t i t an ium sheet .  

had the run continued. Careful i n spec t ion  of Fig.  15 r e v e a l s  one of 

t h e s e  t h i n  spo t s  on the  lower f r o n t  cover.  It would appear t h a t  

some e l e c t r o n s  from the  beam plasma were focused t o  t h e s e  s p o t s .  

This might have damaged t h e  magnet c o i l s  

There was a 2 t o  3 inch wide annular  gap between t h e  engine 

and t h e  f r o n t  of t he  ground cage. The placement of t he  negat ive h igh  

v o l t a g e  l ead  w a s  such a s  t o  focus backstreaming e l e c t r o n s  t o  s p o t s  on 

t h e  s h e l l  on both s i d e s  of the negat ive lead. The damage by backstreaming 

e l e c t r o n s  can be e a s i l y  eliminated by removing these  nega t ive  l eads  

from the  a r e a  between t h e  engine and ground s h i e l d  and by a c l o s i n g  i n  
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FIG. 1 2  DER-1 ENGINE SYSTEM AFTER 281 HR TEST 
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F I G .  13 CATHODE AND O R I F I C E  PLATE 

F I G .  14 ANODE AND CHAMBER I N T E R I O R  
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t h e  ground cage. 

Figure 16 i n d i c a t e s  t h e  c o n d i t i o n  of i n s u l a t o r s  a f t e r  t h e  

run. They appeared r e l a t i v e l y  c lean  under the sh i e lded  a rea  a l though 

l o c a l i z e d  dark  r i n g s  could be found i n  t h e  t roughs of t h e  convoluted 

su r faces .  I n  gene ra l  t h e  h o t t e r  t h e  running temperature ,  t h e  c l e a n e r  

t h e  su r face .  Unshielded p a r t s  of t h e  i n s u l a t o r s  were contaminated. 

The sc reen  e l e c t r o d e  was d i sco lo red  b u t  no v i s i b l e  e ros ion  

w a s  noted. Figure 1 7  i s  a view of t h e  e l e c t r o d e  assembly showing t h e  

upstream s i d e  of t h e  screen.  Note t h e  d i sco lo r ing  i n  t h e  g r i d  p o r t i o n  

and t h e  m e t a l l i c  appearance of  t he  o u t e r  edge of t h i s  p l a t e .  The 

sma l l  l i p  machined on these  p l a t e s  i s  s u c c e s s f u l l y  prevent ing  cesium 

from escaping through t h i s  j o i n t .  

A l l  w i r ing  and connectors inc luding  Deutsch plugs seemed i n  

e x c e l l e n t  cond i t ion  wi th  no observable loosening of t h e  j o i n t s .  

Acce lera t ing  Electrode 

Figure 18 i s  a photo of t h e  downstream s i d e  of t h e  a c c e l e r a t i n g  

e l ec t rode .  The major e ros ion  occurred on t h e  webbing between l a r g e  and 

s m a l l  ho l e s .  Depth of t h e  p i t s  a t  t h i s  i n t e r f a c e  and a t  p o s i t i o n s  

a long  s i x  equal ly  spaced r a d i a l  l i n e s  from t h e  e l e c t r o d e  c e n t e r  were 

measured. The deepes t  p i t s  were i n  twelve l o c a t i o n s ,  where a l a r g e  

web a r e a  r e s u l t s  from the  change i n  ho le  p a t t e r n s .  The depth of t hese  

p i t s  ranged from .0184 t o  .0238 inches .  A photo-micrograph of a 

sample s e c t i o n  through one of these p i t s  appears  i n  Fig.  19. 

Depth of p i t s  i n  t h e  s m a l l  h o l e  p a t t e r n  r an  from .0048 t o  .0139 

inches wi th  t h e  deepes t  ho le s  nearer  t he  o u t e r  p a r t  of t h e  p a t t e r n .  P i t s  

i n  t h e  l a r g e  p a t t e r n  r a n  from .0099 inches a t  t h e  i n s i d e  of t h e  p a t t e r n  

t o  no p i t s  a t  t h e  ou te r  edge. A photo-micrograph of one of t h e  shal low 

p i t s  appears  i n  Fig.  20. Figure 21 shovs t h e  upstream s i d e  of t h e  

a c c e l e r a t o r  e l ec t rode .  There was no v i s i b l e  e ros ion .  

Copper depos i ted  on the downstream s i d e  of t h e  e l e c t r o d e  w a s  

.00062 inch  th i ck .  The est imated weight  of  t h i s  l a y e r  i s  1.1 gm. 
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FIG. 1 9  CROSS SECTION OF DEEP PIT 
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FIG. 20 CROSS SECTION OF SHALLOW PIT 

FIG. 21 ACCELERATING ELECTRODE - UPSTREAM SIDE 
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Adding t h i s  t o  the  weight loss of the e l e c t r o d e  a f t e r  t he  run i n d i c a t e s  

a t o t a l  weight loss, during 281 hours of ope ra t ion ,  of 2.25 gm. 

Several  ho le s  were eroded on one s i d e  i n d i c a t i n g  the  m i s -  

alignment due t o  v i s u a l  adjustment; a s  mentioned e a r l i e r  t h i s  w a s  

a c o n t r i b u t i n g  f a c t o r  t o  high d ra in .  

It i s  p o s s i b l e  t h a t  t h i s  e l e c t r o d e  could be run f o r  a few 

thousand hours. 

s t r u c t u r a l  r i d g i d i t y  would have remained. 

Even when t h e  twelve deep p i t s  had eroded through, t h e  

Sample Analysis 

Scrapings w e r e  taken from va r ious  components and s e n t  out  

f o r  chemical a n a l y s i s .  A s u m a r y  of t he  r e s u l t s  i s  presented i n  

Table 11. Only a q u a l i t a t i v e  a n a l y s i s  i s  meaningful due t o  the  l ack  

of knowledge regarding t h e  amount of base material  taken i n t o  t h e  sample 

Small amounts of s i l i c o n  appeared i n  a l l  the samples  and t h i s  

i s  a t t r i b u t e d  t o  d i f f u s i o n  pump o i l  which con ta ins  t h i s  element. 

S i m i l a r l y ,  copper was found on a l l  components and as mentioned e a r l i e r  

t h i s  material was s p u t t e r e d  back t o  s u r f a c e s  f ac ing  t h e  c o l l e c t o r .  

upstream s i d e  of t he  sc reen  e l ec t rode  which does not f a c e  the  c o l l e c t o r ,  

appa ren t ly  c o l l e c t e d  copper evaporated o f f  t h e  cathode p l a t e  and o r i f i c e .  

The 

The molybdenum on the anode and on t h e  upstream s i d e  of t h e  

a c c e l e r a t o r  e l e c t r o d e  probably came from the  molybdenum o r i f i c e  p l a t e  

as t h i s  p a r t  had l o s t  weight during t h e  run. Gold was loca ted  on both 

t h e  anode and screen.  

braze m a t e r i a l  used t o  f a s t e n  cathode p a r t s .  

The only gold i n  t h e  system i s  found i n  t h e  

The s i n g l e  r e s u l t  t h a t  i s  d i f f i c u l t  t o  e x p l a i n  i s  t h e  presence 

of molybdenum on t h e  downstream s i d e  of the a c c e l e r a t o r  e l e c t r o d e .  

Since molybdenum w a s  leaving t h e  cathode o r i f i c e  p l a t e  and probably t h e  

cathode, p a r t  of i t  must have reached t h e  c o l l e c t o r .  

been s p u t t e r e d  back t o  t h e  engine. 

This may have 

Weight Changes 

Weight of t he  c r i t i c a l  p a r t s  be fo re  and a f t e r  t h e  run are 

presented i n  Table I11 and t h e  ga ins  and l o s s e s  ind ica t ed .  
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TABLE I1 

Analyses of Deposits on Components 

Major Other Significant 
Component Base Material Contaminant Contaminants 

Accelerating Electrode Copper Molybdenum Silicon 
(Downs tre am) (small amount) 

Accelerating Electrode Copper Molybdenum Silicon 
(Ups t re am) 

Screen Electrode Molybdenum Copper Silicon 
(Downs t re am) 

Screen Electrode Molybdenum Copper Gold 
(Upstream) Silicon 

Anode Copper Molybdenum Gold 
(Inside Front) Si 1 icon 

Copper Silicon Cathode Orifice Plate Molybdenum 
(Downs tream) 

Very small traces (<O.Ol%) of iron, titanium, and aluminum 
were detected for all samples. 
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TABLE I11 

Component Weight Changes 

Weight Weight Weight 
Before After Af t e r  N e t  

Component Run Run Cleaning Change %Change 
(gms 1 (gms) (gms 1 (gms ) 

Ac ce l e r  a t ing  
E l e  c t rode 141.9354 140.7920 -1.1434 -0.80% 

Screen Electrode 119.2758 119,6846 118.8092 -0.4666 -0.04% 

Anode 349.6603 350.7488 350.2770 +0.6167 +o .02% 

Cathode O r i f i c e  
P l a t e  26,4270 26.4854 26.3614 -0,0656 -0.25% 

Cathode Mounting 
P l a t e  135,405 1 
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It i s  d i f f i c u l t  t o  say  how much e r r o r  i s  in t roduced  i n t o  t h e  

determinat ion of t hese  n e t  weight changes by t h e  c l ean ing  p rocesses .  

Care was exerc ised  t o  remove only coa t ings  but  base m a t e r i a l  w a s  found 

i n  most samples. 

Since t h e  anode i s  made of copper and s i n c e  no photo-micrographs 

were taken the added weight  due t o  p l a t i n g  was no t  determined. The 

c leaning  process d id  no t  remove a l l  of  t h e  p l a t i n g ;  thus  t h e  g a i n  i n  

weight.  

4 .  FEED SYSTEM 

4.1 Analysis of Feed System A f t e r  Test  

Following t h e  281 hour d u r a t i o n  t e s t ,  t h e  zero-g feed system 

was completely dismantled and a n  a n a l y s i s  made on many of t h e  components. 

The feed  system was disassembled i n  t h e  d ry  box. The photographs of 

F igures  22, 23, and 24 show t h e  components of t h e  system whi l e  s t i l l  i n  

t h e  d ry  box. It was observed t h a t  t h e  cesium both  i n  t h e  r e s e r v o i r  and 

on t h e  porous rod was c l e a n  and b r i g h t .  S l i g h t  d i s c o l o r a t i o n s  were 

noted i n  the vapor i ze r  tube and on the  v a l v e  body. The valve b a l l  

contained a s m a l l  d e p o s i t  of m a t e r i a l .  Analysis  of t h i s  d e p o s i t  

d i sc losed  copper,  go ld ,  and s i l i c o n  a s  the  contaminants .  Sec t ion ing  

of t h e  r e s e r v o i r  showed i t  t o  be excep t iona l ly  c l e a n  i n s i d e  w i t h  no 

evidence of cesium cor ros ion  o r  a t t a c k  a t  weld j o i n t s  o r  on t h e  f i n  

a s  s emb l y  . 
The porous rod was sec t ioned  wh i l e  s t i l l  i n  t h e  d ry  box. 

Five samples were removed f o r  a n a l y s i s .  F igu re  2 5  i n d i c a t e s  t h e  l o c a t i o n  

on t h e  porous  rod where samples were removed. Table  IV l i s t s  t h 2  r e s u l t s  

of t he  q u a n t i t a t i v e  spec t rographic  a n a l y s i s  t h a t  was performed on t h e s e  

samples. Included i n  t h i s  t a b l e  i s  t h e  a n a l y s i s  of  a c o n t r o l  sample 

which was removed from t h e  same porous rod p r i o r  t o  t h e  engine  run. 

A sample of t h e  remaining cesium was a l so  obta ined  dur ing  t h e  

disassembly. An a n a l y s i s  of t h i s  sample i s  compared w i t h  a sample 

t h a t  was obtained during t h e  i n i t i a l  f i l l i n g  ope ra t ion  and is shown i n  

Table V. 
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FIG. 22 FEED SYSTEM COMPONENTS 

FIG. 23 END VIEW OF VAPORIZER SURFACE 

31 



FIG. 24 POROUS ROD AND VAPORIZER ASSEMBLY 

VAPORIZER 

END/ 

SNI -16 SNI -15 S N I - I 4  SNI-13’ SNI-12 

FIG. 25 LOCATION OF SAMPLES TAKEN FOR ANALYSIS 
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Element 

Manganese 

I ron  

Silicon 

Copper 

Cobalt 

Titanium 

Magnesium 

Nickel 

49 2 0 -Q - 2 

TABLE IV 
Analysis of Porous Rod 

Contro 1 
S amp le 
SN1-11 

OT7 

-3 8.7 

0 1077 

.03% 

.16% 

.03% 

-06% 

Rem. 

SN1-12 
* 

.Ol% 

0 09% 

17% 

15% 

.ll% 

.Ol% 

.12X 

Rem. 

* 

* 
Less than 

33 

SN1-13 

. 01% 
03% 

13% 

. or7 

0 09% 

.Ol% 

* 

* 

05% 

Rem. 

SN1-14 

. 01% 
1277 

12% 

lV7 

. 1.270 
01% 

06% 

Rem 

* 
SN1- 15 

.Ol% 

0 1070 

0 11% 

-13% 

* 

15% 

. 0277 

.or7 

Rem . 

SN1-16 

0 0277 

-11% 

0 187% 

.OT7 

* 

13% 

.03% 

.11% 

Rem 



TABLE V 

halysis of Cesium-Samples 

Sample 

Before Run After Run 
Element 

* less than - not detected 

4920-4-2 

Remainder 
1 PPM* 

20 PPM* 
10 PPM* 
10 PPM 
1 PPM* 

13 PPM 
1 PPM 
1 PPM* 
1 PPM* 

25 PPM 
35 PPM 

2 PPM* 
20  PPM* 

3 PPM* 
3 PPM* 
5 PPM* 

10 PPM* 
20 PPM* 
3 PPM* 
8 PPM 
1 PPM 

Rema inde r 
1 PPM* 

20  PPM* 
10 PPM* 
1 PPM* 
1 PPM* 
1 PPM* 

1 PPM* 
1 PPM* 
7 PPM* 

15 PPM* 
1 PPM* 

20 PPM* 
3 PPM* 
3 PPM* 
5 PPM 

10 PPM* 

.5 PPM 

- - 
1 PPM* 
1 PPM 
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Afte r  removal from t h e  d ry  box, t h e  r e s e r v o i r  was sec t ioned .  

Two s e c t i o n s  of t h e  p e r i p h e r a l  weld were obtained. Photo-micrographs 

a t  a magn i f i ca t ion  of 400X a r e  now i n  process  t o  determine i f  any 

i n t e r g r a n u l a r  co r ros ion  has occurred a t  t h e  weld. Photo-micrographs 

w i l l  a l s o  be obtained on a s e c t i o n  of t h e  v a p o r i z e r  tube and on one of 

t h e  f i n s  t o  compare w i t h  s i m i l a r  photo-micrographs made b e f o r e  t h e  run  

on t h e  same f i n .  Also a sample of t h i s  f i n  w a s  taken f o r  spec t rog raph ic  

a n a l y s i s  and w i l l  be compared with a n  a n a l y s i s  made on the  same f i n  

during t h e  f eed  system assembly. The r e s u l t s  of t h e  photo-micrographs 

of t h e  welds and f i n  and t h e  a n a l y s i s  of t h e  € i n  w i l l  be r e p o r t e d  i n  

t h e  next  monthly r e p o r t .  

F i n a l l y ,  weight and dimensional measurements were ob ta ined  

on many of t h e  feed system components. 

ments obtained during t h e  assembly per iod.  The r e s u l t s  are  t a b u l a t e d  

i n  Table V I .  

These a r e  compared w i t h  measure- 

An examination of the va r ious  ana lyses  and measurements shows 

no s i g n i f i c a n t  changes i n  cesium p u r i t y ,  no evidence of harmful c logging 

of t h e  porous rod, and no s i g n i f i c a n t  weight o r  dimensional changes. 

I n  s h o r t ,  i t  appears  t h a t  t h i s  system w i l l  e a s i l y  meet t h e  g o a l s  of t h e  

program and provide p r o p e l l a n t  t o  t h e  engine f o r  i t s  f u l l  c a p a c i t y  of 

7 50 hours.  

4.2 Feed System Improvements 

Manually Operated Cesium Valve 

The zero-g feed system used i n  t h e  engine tests has  response 

c h a r a c t e r i s t i c s  s u f f i c i e n t l y  f a s t  t o  accommodate a l l  of t h e  engine 

c o n t r o l  requirements.  

which p r o t e c t s  t h e  cesium when t h e  f eed  system i s  no t  i n  t h e  vacuum 

environment of t h e  test chamber. Therefore ,  i t  need only be opened 

be fo re  t h e  engine i s  s t a r t e d  and c losed  b e f o r e  t h e  engine i s  removed 

from t h e  chamber. Cur ren t ly ,  a so l eno id  v a l v e  i s  being used f o r  t h i s  

purpose and ope ra t ion  has so f a r  been s a t i s f a c t o r y .  The r e l i a b i l i t y  

of t h e  so l eno id  va lve  f o r  long runs i s  no t  c e r t a i n ,  however, and t h e  

A va lve  i s  r equ i r ed  only t o  provide a b a r r i e r  
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TABLE V I  

WeiPhts and Dimensions 

of Feed System Components 

Af te r  run Before run 

w e  igh  t (grams ) 
P a r t  

Por t  Valve 

F i n  Assembly 

Control F i n  

Vaporizer 

Elbow 

124 . 9 107 125.7148 

434.817 0 43 1 . 2212 

5 -5573 5.5 088 

91.8317 91.7929 

108.0323 107 -9283 

Valve 

Body 3 18.1662 317.9129 

Diaphragm Assy . 40.6733 40.5 964 

B a l l  -8062 -8029 

Copper Sea ls  

Res e rv o ir  -V apo r i z e r 

V apo r i z  e r -E 1 b ow 

E 1 bow -Va lve 

Re sew o ir  - Por t V a l v e  

Solenoid Valve Sea l  

1.7846 1.7859 

1.7879 1.7888 

1.7852 1.7859 

1.7994 1.7974 

9.4582 9.2594 

dimension (inches) 

Reservoir S h e l l  Thickness ( top)  .03 07 .03 05 

Reservoir S h e l l  Thickness (bottom) . 03 17 .03 15 

Control F i n  Thickness .005 . 005 

Heater Bore Diameter -4905 .491 
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p o s s i b i l i t y  of a run having t o  be terminated due t o  a va lve  f a i l u r e  

should be minimized. A manual va lve  i s  t h e r e f o r e  considered t o  be 

d e s i r a b l e .  

A mechanical cesium vapor va lve  w a s  designed and f a b r i c a t e d  

du r ing  t h e  q u a r t e r .  

v a l v e  on the  DER engine system. 

l e a k - t i g h t  va lve  f o r  l abora to ry  t e s t i n g .  Some i n t e r e s t i n g  f e a t u r e s  of 

t h e  va lve  which i s  shown i n  Figures 26 and 27 are  desc r ibed  below. The 

va lve  c o n s i s t s  of t h r e e  sub-assemblies; t he  va lve  body, t h e  poppet 

assembly, and t h e  a c t u a t i n g  mechanism. The va lve  body i s  f a b r i c a t e d  

of type 347 s t a i n l e s s  s teel  and hea ted  wi th  a sheathed h e a t e r .  I ts  

mass i s  cons ide rab ly  l e s s  than t h e  mass of t h e  so l eno id  va lve  which i s  

c u r r e n t l y  being used. It i s  expected t h a t  heat-up t i m e s  w i l l  t h e r e f o r e  

be cons ide rab ly  shortened.  

It i s  f o r  use  i n  p l a c e  of t h e  e x i s t i n g  so leno id  

Its purpose i s  t o  provide a r e l i a b l e  

The poppet assembly c o n s i s t s  of t h e  va lve  poppet which i s  

welded t o  a metal diaphragm similar t o  t h a t  used on t h e  so l eno id  va lve .  

The only s e a l  used i n  t h e  valve i s  between t h e  body and poppet assembly. 

The a c t u a t i n g  mechanism i s  of hardened type 17-4 s t a i n l e s s  s tee l .  The 

screw mechanism i s  overcoated with a high temperature s o l i d - f i l m  

l u b r i c a n t  t o  minimize f r a c t i o n .  I n  a d d i t i o n ,  thermal i s o l a t i o n  i s  

provided between the a c t u a t i n g  assembly and t h e  va lve  body t o  minimize 

h e a t  conduction t o  t h e  a c t u a t i n g  assembly. 

Actuation of t h e  valve i s  provided by a r e t r a c t a b l e  rod which 

i s  introduced through the  vacuum f lange.  An O-ring assembly on t h e  

f l a n g e  prevents  leakage a t  t h e  f lange.  Since t h e  rod i s  r e t r a c t e d  when 

h igh  v o l t a g e  is  app l i ed  t o  t h e  engine,  t h e r e  i s  no need f o r  e l e c t r i c a l  

i s o l a t i o n  of t h e  rod. 

Tes t ing  of t h i s  valve had included helium mass spectrometer  

l e a k  checking and room temperature cyc l ing .  

were made wi th  no d e t e c t a b l e  leak a c r o s s  t h e  valve.  The d e t e c t o r  used 

has  a s e n s i t i v i t y  of loe1* s t d  cc He/sec. 

t h i s  t e s t  was he ld  cons t an t  a t  25 inch-pounds. The va lve  w a s  assembled 

t o  a feed system and cesium flow t e s t e d  a t  va lve  body temperatures up 

Twenty success ive  a c t u a t i o n s  

Actuating torque during 
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FIG. 26 MANUALLY OPERATED CESIUM VALVE 

FIG. 27 MANUAL VALVE 

4920-4-2 38 I 



t o  40OoC. All tests have been s a t i s f a c t o r y ,  

Pump -0u t V a  lve 

Another a r e a  of improvement i s  the  rear pump-out va lve  on the  

cesium r e s e r v o i r .  A new pump-out va lve  has  been designed and f a b r i c a t i o n  

s t a r t e d .  The main purpose f o r  a r edes ign  h e r e  was t o  provide a v a l v e  

w i t h  a l a r g e r  o r i f i c e .  The e x i s t i n g  pump-out va lve  has a p o r t  o r i f i c e  

diameter of only 1/16 inch. T h i s  s m a l l  o r i f i c e  s i z e  i s  e a s i l y  o b s t r u c t e d  

by any cesium t h a t  might deposi t  t h e r e  due t o  d i s t i l l a t i o n  o r  c a r e l e s s  

handl ing.  

should e l imina te  clogging of the valve.  The e n t i r e  750 hour system wi th  

t h e  mechanical va lve  and t h e  new pump-out va lve  i s  dep ic t ed  i n  Fig.  28. 

5. PERMANENT MAGNET STUDIES 

The new design has an o r i f i c e  diameter of 1 /4  inch  which 

The modified DE engine reported i n  t h e  f i r s t  q u a r t e r l y  w a s  d i s -  

assembled and examined following t h e  t e s t s  r epor t ed  i n  EOS Report 

4920-4-1. As a n t i c i p a t e d ,  t h e  copper a c c e l e r a t i n g  e l e c t r o d e  had bowed 

away from t h e  sc reen  e l ec t rode .  A permanent s e t  of 0.025 inches w a s  

measured. The s t r e n g t h  of t h e  permanent magnets w a s  unchanged. 

5.1 Permanent Magnet Engine Design 

A new engine was designed t o  test t h e  f e a s i b i l i t y  of r e p l a c i n g  

t h e  engine s h e l l  w i th  a c y l i n d r i c a l  permanent magnet. Details  of t h e  

des ign  can be seen i n  Fig.  29. The c y l i n d e r  was r o l l e d  from 0.016 

inch  t h i c k  Vica l loy  s h e e t  and e l e c t r o n  beam welded t o  two i r o n  r i m s .  

The cathode and anode a r e  s i m i l a r  t o  t h e  DE design. The a c c e l e r a t o r  

support  i n s u l a t o r s  were mounted f u r t h e r  from t h e  e l e c t r o d e  gap and were 

a t t a c h e d  t o  t h e  f r o n t  r i m  of the s h e l l  by f l e x u r e s  which al low f r e e  

r a d i a l  displacement.  

t h e  a c c e l e r a t o r  was used than on t h e  DE design. 

A h ighe r  thermal impedance between t h e  s h e l l  and 

The sc reen  e l e c t r o d e  and cathode p l a t e  were made from pure 

i r o n  t o  form t h e  pole  p i eces  of t h e  magnetic c i r c u i t .  An i n t e rmed ia t e  

h o l e  p a t t e r n  w a s  used between the  c e n t r a l  and p e r i p h e r a l  p a t t e r n s .  

This was done t o  a l l e v i a t e  t h e  sudden change i n  ion -op t i c s  n o t i c e d  on 

the  DE engine and r epor t ed  i n  the next  s e c t i o n  of t h i s  r e p o r t .  
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5.2 Permanent Magnet Engine Tes t  

The permanent magnet engine was f a b r i c a t e d  and t e s t e d  b r i e f l y .  

The engine i s  shown i n  Fig.  3 0 .  

used f o r  t h e  f i r s t  t e s t s .  The c y l i n d e r  w a s  magnetized f u l l y ,  producing 

a f i e l d  of 22 gauss i n  the  c e n t e r  of t h e  eng ine ,  and demagnetized t o  

a f i e l d  of approximately 8 gauss.  

of only 8 4  percent compared wi th  about  9 1  pe rcen t  f o r  t he  DE engine.  

(Higher mass e f f i c i e n c i e s  could be obtained b u t  only a t  t h e  expense of 

a r c  power). 

about 25  percent  h ighe r  than experienced wi th  t h e  DE engine.  

f a c t o r s  i n d i c a t e  t h a t  magnetic f i e l d  was too low. F u r t h e r  t es t s ,  

i nc lud ing  magnetic f i e l d  mapping, w i l l  be performed i n  an  a t t empt  t o  

improve t h e  performance of t h i s  engine.  

A copper a c c e l e r a t i n g  e l e c t r o d e  was 

The engine ope ra t ed  a t  a mass e f f i c i e n c y  

The a r c  c u r r e n t  f o r  a g iven  f l o w r a t e  and a r c  v o l t a g e  was 

These 

If t h e  performance of t h i s  sou rce  can be inc reased  t o  t h e  

l e v e l  obtained wi th  t h e  DE engine,  t h e  weight r e d u c t i o n  w i l l  be 

s i g n i f i c a n t .  Weights of t h e  DE engine and permanent magnet engine a r e  

shown i n  Table V I I .  As shown, the  p r i n c i p l e  weight r educ t ions  are  due 

t o  e l imina t ion  of the magnet c o i l s  and a l i g h t e n i n g  of t h e  anode made 

p o s s i b l e  by r o l l i n g  the anode from s h e e t  s tock  r a t h e r  t han  machining 

it from copper p ipe .  

6 .  PLASMA DISTRIBUTION STUDIES 

6 .1  Ion Ef f lux  D i s t r i b u t i o n s  

Ion e f f l u x  d i s t r i b u t i o n s  were measured f o r  t h e  permanent magnet 

mod i f i ca t ion  and electromagnet ve r s ions  of t he  DE engine.  These a r e  

shown i n  Fig.  31a and 31b r e s p e c t i v e l y .  These f i g u r e s  a r e  photographs 

of o sc i l l o scope  t r a c e s  wi th  t h e  v e r t i c a l  d e f l e c t i o n  p r o p o r t i o n a l  t o  

the  probe pos i t i on .  The d i p  near  t h e  edge of t h e  curves i s  caused 

p a r t l y  by the small  a r e a  f r e e  of a p e r t u r e s  a t  t h e  r a d i u s  where a p e r t u r e  

s i z e s  are changed. The main reason,  however, f o r  t h e  d i p  appears  t o  

be the  change i n  focussing and c o l l i m a t i o n  of t h e  i o n  e f f l u x  a c r o s s  

the  a p e r t u r e  s i z e  t r a n s i t i o n  region.  The d i p  i n  t h e  c e n t e r  of t h e  

4 2  
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FIG. 30 PERMANENT MAGNET ENGINE 
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TABLE V I 1  

DE and Permanent Magnet Engine Weights 

Component 

She 11 A s  semb ly 

Anode 

Cathode A s  semb ly 

Cathode P l a t e  

Screen E lec t rode  

Accelerator  Electrode (Cu) 

A s  semb led Engine ( includes 
anode and e l e c t r o d e  suppor t s )  

4920-4-2  44 

Weight (grams) 

DE Engine PM Engine 

7 45 3 6 4  

360  245 

98 98 

13 6 57 

118 38 

14 1 160 

195 6 1112 



(a) DE Engine with permanent magnets 

(b) DE Engine 

V+ = 3.0 kv . 

V = - 1 . 2  kv 

IB = 365 ma 
- 

= 336 watts 

IM = 1 . 9  amps 
Collimated Probe 

( e )  DE Engine 

FIG. 31 I O N  BEAM CURRENT DENSITY D I S T R I B U T I O N S  
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V+ = 3.5 kv 

v = -1.0 kv 

IB = 400 ma 

PA = 292 watts 

- 

V+ = 3.8 kv 

V = -1.1 kv 

IB = 420 ma 

PA = 300 watts 

- 

= 1 . 9  amps IM 



d i s t r i b u t i o n  of F ig .  31b was due t o  masking of a r a d i a l  row of s c reen  

e l e c t r o d e  ape r tu re s  t o  a l low thermocouple measurements of a c c e l e r a t o r  

e l e c t r o d e  temperatures.  With t h i s  except ion ,  t h e  two p r o f i l e s  a re  

q u i t e  s i m i l a r .  

Figure 31c i s  a n  i o n  e f f l u x  d i s t r i b u t i o n  measured from the  DE 

engine using a co l l ima ted  Faraday probe. 

adding a n  a d d i t i o n a l  a p e r t u r e  t o  t h e  probe. 

those  ions  which a r e  exhausted a long  the  a x i s  of t h e  probe and has  

a very  small angular  acceptance (- 2 degrees) .  

observed d i s t r i b u t i o n  over  t h e  a r e a  of t h e  engine i s  t h e r e f o r e  only a 

f r a c t i o n  (about 20 pe rcen t )  of t h e  t o t a l  i o n  beam. Informat ion  obta ined  

w i t h  t h i s  probe i s  s t r o n g l y  dependent upon focuss ing  a s  can be seen  i n  

the  curves  of F igures  32, 33, and 34. These curves  were obta ined  i n  

the  same manner as those  of F ig .  31,  us ing  t h e  co l l ima ted  probe. The 

two s i d e s  of t he  curves  were averaged t o  e l i m i n a t e  a s l i g h t  skew which 

was present  due t o  probe misalignment.  

Col l imat ion  w a s  ob ta ined  by 

This  probe measures only  

The i n t e g r a l  of t h e  

Figures  32 and 33 show t h e  e f f e c t  of  v a r i a t i o n s  i n  source  

p o t e n t i a l  and a c c e l e r a t o r  e l e c t r o d e  p o t e n t i a l  r e s p e c t i v e l y .  From t h e  

t h r e e  curves of F ig .  32 i t  appears  t h a t  t h e  h i g h e r  t h e  source  p o t e n t i a l  

t h e  b e t t e r  t h e  focussing.  High source  p o t e n t i a l ,  however, t ends  t o  

make t h e  change i n  ion  o p t i c s  more d r a s t i c  a c r o s s  t h e  t r a n s i t i o n  

between the  two h o l e  p a t t e r n s  used. F igure  33 i n d i c a t e s  t h a t  t h e  

c l o s e r  t h e  a c c e l e r a t o r  e l e c t r o d e  p o t e n t i a l  i s  t o  ground p o t e n t i a l ,  t h e  

b e t t e r  t h e  focussing.  This i s  expected s i n c e  t h e  d e c e l e r a t i n g  r eg ion  

downstream from t h e  a c c e l e r a t o r  e l e c t r o d e  slows t h e  exhausted ions  i n  

t h e  a x i a l  d i r e c t i o n  bu t  does not  g r e a t l y  a f f e c t  t r a n s v e r s e  v e l o c i t i e s .  

Thus, f o r  a g iven  t r a j e c t o r y  t o  t h e  a c c e l e r a t o r  (cons tan t  c u r r e n t  and 

a c c e l e r a t i n g  gap p o t e n t i a l )  h igher  d e c e l e r a t i n g  p o t e n t i a l  drops w i l l  

i n c r e a s e  the  ang le  between t h e  exhausted i o n  and t h e  engine a x i s ,  

This probe may al low more thorough eva lua t ion  of t h e  i o n  o p t i c s  of 

va r ious  e l ec t rode  systems than  w a s  p rev ious ly  p o s s i b l e  f o r  t h e  gas  

d i scha rge  engines.  
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Figure 34 shows ion  e f f l u x  p r o f i l e s  obtained w i t h  d i f f e r e n t  

va lues  of magnetic f i e l d .  As previous ly  r epor t ed ,  t he  h igher  magnetic 

f i e l d s  cause t h e  d i s t r i b u t i o n  t o  peak a t  t h e  cen te r .  

6.2 LN2 Cooled Neut ra l  Detector  

A schematic of t h e  new n e u t r a l  d e t e c t o r  which was b u i l t  t o  

opera te  i n  t h e  ion  beam i s  shown i n  Fig.  35. 

a p e r t u r e  s e e  a t r a n s v e r s e  e l e c t r i c  f i e l d  which d e f l e c t s  them up through 

t h e  g r i d  and out  of t h e  de tec tor .  Two a p e r t u r e s  a re  used a f t e r  t h e  

sweep e l ec t rodes  so  t h a t  re-evaporated cesium from t h e  sweep area 

w i l l  no t  be measured. The e n t i r e  d e t e c t o r  i s  l i q u i d  n i t r o g e n  cooled 

t o  cap tu re  s t r a y  cesium atoms on t h e  walls of the  device thus  prevent ing  

a ces ium p res su re  build-up. Neutral  cesium atoms a r r i v i n g  a t  t h e  

f i l amen t  a r e  ion ized  by contac t  i o n i z a t i o n  and r e p e l l e d  from the  

f i lament  which i s  biased p o s i t i v e  wi th  r e s p e c t  t o  the  d e t e c t o r  wal ls .  

A po r t ion  of t hese  ions  are in t e rcep ted  by t h e  c o l l e c t o r  and measured. 

The d e t e c t o r  w i l l  be mounted on t h e  probe d r i v e  used f o r  t h e  tests 

descr ibed  above s o  t h a t  neu t r a l  e f f l u x  measurements as a func t ion  of 

r a d i a l  p o s i t i o n  can be obtained. This probe has  been f a b r i c a t e d  and 

w i l l  be operated during t h e  next qua r t e r .  The co l l imated  Faraday 

probe descr ibed  above w i l l  a l s o  be mounted w i t h  t h e  cooled n e u t r a l  

d e t e c t o r  t o  a l low simultaneous scanning of both i o n  and n e u t r a l  e f f l u x  

d i s t r i b u t i o n s .  

Ions e n t e r i n g  t h e  f r o n t  

7. AUTOCATHODE IMPROVEMENT STuDJES 

The e x t e r n a l l y  heated autocathode r epor t ed  i n  t h e  f i r s t  q u a r t e r l y  

r e p o r t  w a s  modified and t e s t e d  f u r t h e r .  The emitter i n  t h e  f i r s t  des ign  w a s  

mounted between t h e  cathode housing and t h e  o r i f i c e  p l a t e .  During 

prehea t ing  t h e  o r i f i c e  p l a t e  a c t e d  as a h e a t  s i n k  which caused t h e  

emitter temperature t o  run cooler  than  t h e  housing. I n  o r d e r  t o  

i n c r e a s e  t h e  e m i t t e r  t empera tu re  during prehea t ing ,  a cor ruga ted  

c y l i n d e r  of tantalum w a s  i n s e r t e d  between the  e m i t t e r  and t h e  housing. 
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Subsequent Star ts  wi th  

temperature of 410 c were s u c c e s s f u l .  

autocathode ope ra t ion ,  however, and the  sou rce  e f f i c i e n c y  was reduced. 

52 wa t t s  of h e a t e r  power and a housing 
0 The housing r a n  h o t t e r  during 

7 . 1  Autocathode Tests 

A series of e m i t t e r  s t r u c t u r e s ,  supported only by t h e  housing 

w a l l s ,  were f a b r i c a t e d .  These e m i t t e r s  were sp i ra l s  of tantalum s t r i p  

fas tened t o  t he  housing a t  both ends. The c r o s s  s e c t i o n  and number 

of t u r n s  were va r i ed  t o  o b t a i n  d i f f e r e n t  thermal and e l e c t r i c a l  

impedances from the  e m i t t e r  t o  t h e  housing. Four of t h e s e  e m i t t e r s  

were t e s t e d  i n  a DE engine.  The main d i f f e r e n c e  i n  ope ra t ing  parameters 

which could be observed was a d i f f e r e n c e  i n  o v e r a l l  source e f f i c i e n c y  

a s  shown by the  da t a  i n  Table VIII. As shown, t h e  second and t h i r d  

e m i t t e r s  were supe r io r .  These two cathodes a l s o  s t a r t e d  more smoothly. 

7.2 Cathode S t a r t i n g  Power 

To determine the  f e a s i b i l i t y  of e l i m i n a t i n g  the  s e p a r a t e  cathode 

h e a t e r  power supply,  t h e  h e a t e r  on the e x t e r n a l l y  heated cathode w a s  

connected t o  the  a r c  power supply. A r e l a y  operated by t h e  normal 

cathode h e a t e r  i n t e r l o c k  was used t o  disconnect  t h e  h e a t e r  when t h e  

a r c  c u r r e n t  exceeded 20 amperes. The impedance of t h e  h e a t e r  which 

w a s  only 2 ohms, l imi t ed  the  maximum v o l t a g e  t o  about 14 v o l t s  (100 watts) .  

With t h i s  low vo l t age  t h e  a r c  w a s  more d i f f i c u l t  t o  s t a r t .  The cathode 

h e a t e r  was turned o f f  during one t e s t  when an  a r c  of about one ampere 

was e s t a b l i s h e d .  This reduced t h e  load on t h e  a r c  power supply causing 

the vo l t age  t o  r i s e .  

t he  turn-off  l e v e l  i n  t h i s  manner o r  by f u r t h e r  i nc reas ing  t h e  cathode 

h e a t e r  izpedance, t he  cathode h e a t e r  supply requirement can e a s i l y  be 

reduced t o  the func t ion  of a switch.  N o  overload of t h e  a r c  power 

supply would occur s i n c e  t h e  cathode h e a t e r  i s  used only when the  arc  

c u r r e n t  i s  w e l l  below i t s  capac i ty .  

This procedure allowed a smooth s t a r t .  By changing 
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Emitter No. 

Th i c  kne s s (inches ) 

Width (inches) 

No,  of turns 

Flawrate (amp) 

Mass Efficiency (%) 

Source Energy per 
Beam Ion (kev/ion) 

49 20-4-2 

TABLE V I 1 1  

Source Efficiency with External 

Heater Cathodes 

1 

0.010 

0.5 

1 

0.45 2 

81.5 

0.658 

53 

2 3 4 

0.010 0.010 0.005 

0.25 0.125 0.125 

2 4 4 

0.425 0.435 0.430 

89 87.4 84.5 

0 . 675 0.624 0.989 



8. QUALITY ASSURANCE 

Shop t r a v e l l e r  a c t i v i t y  dur ing  t h e  second q u a r t e r  cont inued  t o  

Equipment provide DER engine and ze ro -g rav i ty  feed  system suppor t .  

logs  were i ssued  f o r  DER-2 engine and a second ze ro -g rav i ty  feed  system. 

Four s t and ing  assembly r eques t s  a r e  a c t i v e ;  one each f o r  DER-1 engine ,  

DER-2 engine,  4923 S/N 1 ze ro -g rav i ty  feed  system and 4923 S/N 2 zero-  

g r a v i t y  feed system. 

Ion Physics E l e c t r i c a l  Laboratory C a l i b r a t i o n  Procedure r e v i s i o n  

C.P. 3670Awas r e l eased .  This r e v i s i o n  r e f l e c t s  t h e  f a c t  t h a t  t h e  EOS 

Standards Laboratory main ta ins  records  showing t h a t  c a l i b r a t i o n s  a re  

t r a c e a b l e  t o  the  Nat iona l  Bureau of Standards.  I n  a d d i t i o n ,  c a l i b r a t i o n  

d a t a  and d e t e r i o r a t i o n  t r end  d a t a  a r e  being maintained i n  one l a b o r a t o r y  

log book r a t h e r  t han  two. 

Spec ia l  p rocess ing  i n s t r u c t i o n s  were i s sued  f o r  vacuum braz ing  

of tantalum t o  molybdenum w i t h  pal ladium-cobal t  f i l l e r  m a t e r i a l .  

F a i l u r e  r epor t ing  t o  d a t e  i s  summarized i n  t h e  fo l lowing  

t abu la t ion :  

T o t a l  number of f a i l u r e s  r epor t ed  7 

Cor rec t ive  a c t i o n  taken 3 

Cor rec t ive  a c t i o n  not  r equ i r ed  4 

Outstanding 0 

9 .  PJANS FOR NEXT QUARTER 

During t h e  next  q u a r t e r ,  DE engine t es t s  w i l l  be pursued t o  

determine t h e  s u i t a b i l i t y  of va r ious  e l e c t r o d e  materials w i t h  r e s p e c t  

t o  t h e  high d r a i n  condi t ion .  A new engine  w i l l  be designed and prepared 

f o r  a 750 hour t e s t .  The a c c e l e r a t i n g  e l e c t r o d e  f o r  t h i s  engine w i l l  be 

chosen on the  b a s i s  of t h e  r e s u l t s  of t h e  e l e c t r o d e  material  tests.  
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The permanent magnet engine w i l l  be t e s t e d  wi th  s h e l l  magnets of 

va r ious  f i e l d  s t r e n g t h s .  The performance of t h e  permanent magnet engine 

w i l l  be evaluated over a wide range of ope ra t ing  cond i t ions .  

Plasma d i s t r i b u t i o n  s t u d i e s  w i l l  be pursued €o r  va r ious  engine 

c o n f i g u r a t i o n s  using the  new n e u t r a l  cesium d e t e c t o r  and Faraday probe. 

I n v e s t i g a t i o n s  of autocathode conf igu ra t ions  w i l l  con t inue  wi th  emphasis 

on acheiving high source e f f i c i e n c i e s .  
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